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The Sikorsky S-67 BlackhawkTM attack helicopter utilizes 
spot-weld bonding for stringer to skin attachment on more than 5 per 
cent of its surface area. The aircraft, seen in Figure 1, was first 
flown in 1970 and presently holds the absolute speed record for a 
helicopter. 
bonding, although the process has been used for some years in the USSR 
for the AN-24 and the AN-22 aircraft (Reference (1) ) . 
spot-weld bonding (also known as glue-welding, weld-bonding, and glue 
spot-welding ) has been extensively investigated by Lockheed Aircraft 
under Air Force Materials Labs' sponsorship for fuselage structures 
and is used in production for missile tankage (References (2) and (3 ) ) .  
The process consists of applying adhesive on the surfaces to be joined, 
spot welding through the adhesive, then curing the adhesive. 
It is the first American aircraft to utilize spot-weld 
In addition, 
Prior to incorporation into production on the S-67 in 1970, 
Sikorsky spent eight yeaxs developing and evaluating spot-weld bonding 
on 6061, 2024, and 7075 aluminum alloy components. Techniques were 
developed for Joining two, three, and four layers of material which 
ranged in thickness from 0.020 to 0.110 inches. Materials of differing 
thicknesses were a l s o  joined. 
The adhesives which were evaluated included FM-1000 film, 
-66 film, Epon 6 paste, AF-6 film, and 2214 paste. 
were found to be impractical because spot welds could not be made con- 
sistently. This was due to a large extent to the carrier. Both paste 
adhesives were successi'ul, but 2214 was chosen for the S-67 because of 
its higher strength. 
The film adhesives 
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Prior t o  cleaning, the assemblies were pref i t  t o  assure good 
bonding contact between details. As the surface preparation for spot 
welding is  different from tha t  for  adhesive bonding, it was  necessary 
t o  determine which was  the more c r i t i ca l .  
i t y  i s  highly dependent on the surface e l e t r i ca l  resistance, it w a s  
determined that the surface preparation would be determined ;Tirimarily 
by the requirements for  spot welding: The process used for  Alclad 
aluminum sheet is depicted i n  Figure 2 with tha t  for  bare aluminum 
sheet being somewhat modified. 
of 0.004 inches by using ei ther  an impregnated fe l t  ro l l e r  or by using 
a squeegee w i t h  tape dams of the appropriate thickness as is depicted 
i n  Figure 3. 
spot welded as seen i n  Figure 4. 
removed and the adhesive oven cured. 
Because the spot-weld qual- 
The adhesive w a s  applied t o  a thickness 
The parts were then assembled using Clico cl ips  and 
A f t e r  spot welding, the tape w a s  
Extensive tes t ing was  conducted using both coupons and panels 
i n  tension, shear, combined sheas-compression, and fatigue i n  order t o  
qualify the process. The s t a t i c  tens i le  strength,depicted i n  Figure 5, 
is considerably higher than that of the riveted construction which it 
replaced. It should be noted tha t  the primary contributor t o  the in- 
creased strength is  %he adhesive 'bond, not the spot-wdd, as comparative 
t e s t s  of riveted-bonded and spot-welded construction seen i n  Figure 5 
indicate. 
with other constructions is summarized i n  Figure 6. 
spot-welding alone is poor i n  fatigue, the adhesive bond substantially 
improves th i s  behavior. 
The fptigue behavior of spot-weld bonded coupons compared 
Note that although 
\ 
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An additional advantage of spot-weld bonding over conventional 
riveting was noted during combined shear-compression tes t ing of panels. 
Because the panel skin is stabil ized over the whole bonded area, there 
is less  area of unsupported skin between stringers. 
higher loads to 'be achieved before skin bueUixag occurs. 
!Phis allm much 
The applica%ion of spot-weld bonding OR the S-67 is seen i n  
Figure 1. 
it was introduced l a t e  i n  the develoment of that a i rc raf t .  
panels, such as the access door seen i n  Figure 7, the p i lo t ' s  canow 
glare shield, and several fairings w e r e  readily fabricated using spot- 
weld bonding. More complex structures such as the ver t ical  s tab i l izer  
t r a i l i ng  edge seen i n  Figure 8 and leading edge seen i n  Figure 9 required 
unique tooling t o  accomplish the spot w e l d s .  
The process w a s  limited t o  those applications shown because 
Nearly f lat  
In addition t o  the improved properties afforded by spot-weld 
bonding, a mador motivation for developing the process was  cost reduction. 
For structures having f ight  
for  a flush aerodynamic surfaceo thfsker gages are often used t o  accom- 
modate countersinking, and the 
milled t o  the required thickness. 
bonding of the required finished thickness precludes the requirement 
gage skins, where there is a requirement 
or i ty  of the skin area is ch 
For such applications, spot-weld 
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for costly chemical milling and results i n  considerable savings, as seen 
i n  Figure 10. 
riveting using round head r ivets  is more economical. "his cost compari- 
son becomes more favorable toward spot-weld bonding as more rapid tech- 
niques.using seam rol lers  are uti l ized. Thus, the improved economics 
coupled w i t h  increased r e l i ab i l i t y  indicate increased usage for  spot- 
w e l d  bonding i n  future systems. 
If flush surfaces are not required, however, automatic 
1.) A. Dobler, H. Koenigsberg, and 1). Van Winkle, - SAE Journal, Vol. 78, 
NO. 3, M a r .  1970, pp. 56-61. 
2. ) F. Ridgeway, American Machinist, A p r i l  20, 1970, pp. 92-94. 
3. ) F. Sullivan, G. Faulkner, and F. Clauss, Materials Eng. , 
Jan. 1971, pp. 14-15. 
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